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Abstract 
The effects of trifluoroacetic acid (TFA) addition on the growth of a superconducting phase in sintered YBCO samples were 
investigated. YBCO samples with TFA addition were prepared by adding TFA (99.0%) to YBCO powder and then pressed into 
pellets and heated 1173 K – 1213 K for 12 - 20 hr in air. After the heat treatment, the TFA-added sample showed large grain sizes 
and highly c-axis oriented structures compared to pure YBCO samples, which indicates the enhancement of the grain growth of 
YBCO sintered samples by the TFA addition. The Jc (0) value and Jc/Jc (0T) properties of the sintered samples was improved by the 
TFA addition. 
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1.  Introduction 
Controlling the growth behavior of high-Tc superconducting phases is essential for the application of high-Tc 
superconductors. Many researchers have investigated the crystal growth of REBa2Cu3Oy (REBCO) in order to improve 
the superconducting properties of REBCO bulks [1-3] and films [4-7] for their various industrial applications. In melt-
textured REBCO bulk, the enhancement of the REBCO crystal growth is important for preparing high-Jc bulks with 
less superconducting weak links [8]. Recently, coated conductors with high Jc-B performance have been fabricated by 
a metal organic deposition (MOD) technique using trifluoroacetates as coating materials [9-10]. That is, quasi-liquid 
phases containing fluorine formed during the heating precursor films promote the growth of the superconducting 
phase in MOD process. In this paper, we investigated the effects of trifluoroacetic acid (TFA) on the growth of YBCO 
phase in sintered YBCO samples. 
 
2.  Experimental 
YBCO samples were prepared from Y2O3 (99.9%), BaCO3 (99.95%), and CuO (99.99%) using a conventional 
solid-phase reaction technique. Appropriate amounts of the reagents were thoroughly ground and calcined twice for 12 
 
* Corresponding author. Tel.: +81-53-478-1129 ; fax: +81-053-478-1129 . 
E-mail address: terkita@ipc.shizuoka.ac.jp . 
Available online at www.sciencedirect.com
2   lsevier B.V ti  /or peer-review under responsibility of IS  Program Com ittee
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
 Ryusuke Kita et al. /  Physics Procedia  27 ( 2012 )  124 – 127 125
 (a) (b) 
10Pm 
(c) (d) 
h at 1173 K in air with an intermediate grinding step. The synthesized YBCO powders were pressed into pellets using 
a steel mold and twice sintered at 1233 K in air for 12 h with an intermediate grinding step. Trifluoroacetic acid (TFA) 
(>99.0%) was then added to the pulverized YBCO pellets at a weight ratio of 30Pg to 1g YBCO. The TFA added 
YBCO powders were thoroughly ground, pressed into pellets and then sintered at 1233 K for 12 h, cooled to the final 
sintering temperatures (Tf) of 1173 K-1223 K and then furnace-cooled. All samples were oxygen-annealed at 973 K 
for 2h, 873 K for 12h, 773 K for 24h, and finally furnace-cooled. The electrical resistivity of the samples was 
measured by a standard four-probe technique to determine the critical temperatures (Tc). Jc of the samples at 77 K at 
magnetic fields of 0-1.0 T was calculated from B-M curves measured with a superconducting quantum interference 
device (SQUID) using Bean’s critical state model. Powder X-ray diffraction (XRD) analysis was carried out for phase 
identification and lattice parameter measurements. The microstructure of the samples was investigated using scanning 
electron microscopy (SEM). Chemical compositions of the impurities present in the YBCO matrix were determined 
using energy-dispersive X-ray spectroscopy (EDX). 
3.  Results and discussion 
Fig. 1 shows XRD powder patterns of TFA-added and pure YBCO samples prepared at Tf of 1193K. The TFA-
added YBCO sample shows highly c-axis orientation with about 4-5 times stronger (00l) peak intensities than pure 
YBCO samples. The increase in the (00l) peak intensities suggests the enhancement of the plate-like crystal growth of 
YBCO with crystal growth rate anisotropy [1].  Conventional heat treatment process without the final sintering 
process caused no increase of (00l) peak intensities.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. XRD T-2T spectra forTFA-addedand pure YBCO samples. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. SEM images of TFA-added ((a),(c)) and pure YBCO samples ((b),(d)) prepared at Tf =1193 K. (a) 
and (b) indicate the surfaces of sintered samples. (c) and (d) indicate the fractured sections of the samples. 
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Well-grown YBCO grains were observed for the TFA-added sample compared to the pure YBCO samples as 
shown in Fig. 2. The average grain sizes of the TFA-added (Fig. 2a) and pure YBCO samples (Fig. 2b) were 13 Pm 
and 8Pm, respectively. Particularly, plate-like crystal grains were observed for the fractured section of TFA-added 
sample (Fig. 2c). Furthermore, the TFA-added sample seems to have fewer pores than the pure YBCO sample. These 
results indicate that TFA addition into YBCO samples promoted the grain growth of YBCO. Tf dependence of 
I(006)/I(013) ratios for TFA-added and pure YBCO samples is shown Fig. 3. I(013) and I(006) indicate the XRD peak 
intensities of (013) and (006) planes of YBCO, respectively. The I(006)/I(013) ratio for TFA-added samples increased 
with Tf and showed a maximum at 1193 K. On the other hand, pure YBCO samples showed no appreciable change for 
Tf. The enhancement of the crystal growth is possibly due to the formation of a liquid phase of Ba-Cu rich oxides 
containing fluorine and yttrium at high temperatures. Actually, precipitates of Ba-Cu rich oxides were clearly observed 
on the TFA-added sample surfaces prepared particularly at Tf over 1213 K. In the TFA-MOD process for preparing 
high-Jc YBCO films, the generation of liquid phases was reported to enhance the growth of strongly c-axis oriented 
YBCO phase [11].  
Fig. 4 shows the surface SEM images of TFA-added samples prepared at Tf = 1173 K and 1213 K. The smaller 
crystal grain size of the TFA-added sample at Tf = 1173 K compared to the sample at Tf = 1193 K (Fig. 2a) can be seen 
in Figs. 4a and 4c. The low peak intensity ratio of I(006)/I(013) for  the sample at Tf = 1173 K is possibly due to the 
insufficient grain growth of the sample. For the TFA-added sample at Tf = 1213 K, barium copper oxides were 
detected on the sample surface or between grains by EDX, while large crystal grains were observed for the fractured 
section (Fig. 4d). The impurity of barium cuprates were probably formed by the partial melting due to the higher Tf 
temperatures. These experimental facts seem to cause the low c-axis orientation of YBCO grains or poor Jc/Jc(0T) 
properties compared to the TFA-added sample at 1193 K 
. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3. XRD peak intensity ratios of I(006) to I(103) for the TFA-added and pure YBCO samples 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. SEM images of TFA-added YBCO samples prepared at  Tf =1173 K ((a),(c)) and Tf =1213 K 
((b),(d)).(c) and (d) indicates the fractured section of  the samples. 
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The magnetic field dependence of normalized Jc for pure and TFA-added samples at Tf = 1193 K is shown in Fig. 
5. Jc was determined using Bean’s critical state model from DC magnetization hysteresis loops. Jc(0T) indicates Jc 
values at the self field. Jc/Jc(0T) of the TFA-added sample increases with increasing magnetic fields and has a 
maximum at 1.3 T while the pure sample shows gradual decrease of Jc/Jc (0T). The Jc/Jc (0T) values of TFA-added 
YBCO samples are higher than those of the pure sample over 0.5 T. This is probably due to the improvement of the 
YBCO grain growth by TFA addition. Although the Jc (0) value of the TFA-added sample(~1533 A/cm2) is not so 
high compared to melt-textured samples (>104 A/cm2), the Jc (0) value of the TFA sample is about 2 times higher than 
that of the pure YBCO sintered sample (809 A/cm2). However, no remarkable improvement on the Jc/Jc(0T) is 
observed for the TFA-added samples except the sample prepared at Tf = 1193 K. This may be attributed to the poor 
grain growth of YBCO grains or impurities such as barium cuprates between the YBCO grains 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Dependence of normalized Jc at 77 K on magnetic fields for the TFA-added 
and pure YBCO samples. Jc(0) indicate the Jc value at the self field. 
4.  Conclusions 
We investigated the effects of TFA addition on the growth of sintered YBCO superconductors by sintering the 
TFA-added YBCO powders. The TFA-added YBCO samples show a highly c-axis oriented structure compared to 
pure YBCO samples. Plate-like well-grown YBCO grains with about twice the size of the pure YBCO sample were 
observed for the TFA-added sample prepared at Tf = 1193 K. The Jc (0) value and Jc/Jc(0T) properties of the sintered 
samples was improved by the TFA addition. These results suggest that the TFA addition into YBCO powders is 
effective for the promotion of the crystal growth of YBCO in preparing YBCO sintered samples. 
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